Abstract. There have been few studies conducted on mammalian mesopredators on reclaimed mine sites. The Wilds, a 9,154-acre conservation center located in Eastern Ohio, was surface mined for coal from the 1940s-1980s and reclamation began in 1971 (History, 2015). Coyotes (Canis latrans) and bobcats (Lynx rufus) are the main mesopredators located at the Wilds and were the primary focus of this study. Camera trapping was used to assess how ecological factors impacted the habitat use and distribution of bobcats and coyotes on reclaimed mine land. Ten remote cameras were randomly deployed across the property to monitor the biological community at the Wilds from late January to early July. Statistical analyses were used to determine the impact of variable conditions on the number of bobcat and coyote observations at all camera traps. These conditions included the seasons, time period, baiting, edge versus interior habitat, mining effects, snow cover, and the level of human activity. It was determined that coyotes did not closely associate with any habitat types, while they did closely associate with several scavenging species. Bobcats were most closely associated with large prey items, such as the white-tailed deer, wild turkey, and eastern cottontail and were also closely associated with open or sparsely covered habitats. The results of Pearson's chi-squared tests determined that photographs of bobcats during this study were captured significantly more often when the camera trap was located on an unmined site, when the trap was baited, when snow cover was present, during nocturnal periods, and during winter. This study reaffirmed the ability of remote camera traps to effectively survey elusive species that may occur at low densities such as the bobcat and the coyote. The data collected from this study has demonstrated that although the effects of mining were extensive at the Wilds, the mesopredator populations of bobcats and coyotes have returned to this recovering landscape.
Introduction
Monitoring wildlife populations is an essential component of wildlife management and conservation. Camera trapping is a non-invasive research technique that allows for the monitoring and detection of wildlife, particularly elusive species, without the need for additional methods such as physical capture or marking that may jeopardize the safety of the animal and the handler. The ability to monitor species that are cryptic and occur at low densities can be extremely difficult, but camera traps have been successfully used to document images and estimate density for multiple species (Heilbrun et al., 2006; Kelly and Holub, 2008) . The utilization of camera traps can also record and monitor a variety of environmental factors that may be associated with the observations of a target species. Some of these factors include determining the prey communities present within an area, the relationship between the presence of two predator species, habitat selection, movement of a target species during different seasons, and the movement during each day.
Bobcats (Lynx rufus) are carnivores that occur in southern Canada, across the United States, and most of Mexico (Larivière and Watson, 1997) . The bobcat exhibits the largest range of all cats native to North America (Whitaker, 1996) . Bobcats are typically solitary hunters which actively search their home ranges for prey. Bobcat movement rates peak during the crepuscular time period, with the highest movements occurring at dusk (Rockhill et al., 2013) . The main prey of bobcats in eastern Ohio are eastern cottontails (Sylvilagus floridanus) and white-tailed deer (Odocoileus virginianus) (Prange and Rose, 2015) . Due to the lack of documented sightings, the bobcat was considered extirpated from Ohio in 1850. The initial decrease in sightings was associated with the expansion of the human population within the state and increased activity from industry, but populations have slowly been increasing. Bobcats were listed as endangered on the Ohio Department of Natural Resources State Listed Species Index in 1974. In 2012, bobcats were downlisted to threatened, and by 2014 the species was delisted (Ohio Division of Wildlife, 2014) .
Unlike the native bobcat, coyotes are recent additions to the mammalian community of the eastern United States. Originally only occurring in the west, their rapid colonization in Ohio began around 90 years ago (Kays et al., 2009) . As colonial America expanded westward, native predators were extirpated or populations declined, and the opportunistic coyote began to expand its range.
The earliest coyote sighting in Ohio was in 1919, and the first documented coyote observed in Muskingum County, the site of our study, was in 1949 (Weeks et al., 1990) . As these mid-sized canids moved eastward, it is believed that they may have hybridized with wolves in the Great Lakes region; however, there is little evidence to support the hybridization of coyotes in Ohio (Bozarth et al., 2011) . Coyotes have succeeded in filling the void left by former top predators such as the gray wolf (Canis lupus) and the eastern cougar (Puma concolor), and in some areas the American black bear (Ursus americanus) (Mech, 1970) . The opportunistic nature of the coyote has allowed them to thrive in the now mostly predator-free eastern United States.
The feeding habits of coyotes are well documented and may vary notably across their broad range and change seasonally. Most studies indicate that coyotes primarily rely upon white-tailed deer (Odocoileus virginianus) and the eastern cottontail rabbit (Sylvilagus floridanus), with some seasonal fluctuation between their primary prey species (Korschgen, 1957; Patterson et al., 1998; Crimmins et al., 2012) . In the early summer, white-tailed deer fawns comprise a large portion of their diet (Patterson et al., 1998) . However, coyotes are omnivorous, sometimes feeding on berries and vegetation. When available, blueberries (Vaccinium spp.) and raspberries (Rubus spp.) are known to be important food items (Harrison and Harrison, 1984) . It is well documented that coyotes have preyed upon domesticated poultry such as chickens and turkey; however, they are generally minimally economically destructive and detrimental to domestic animals (Korschgen, 1957) . Also, past studies show that injured or older animals are the most destructive to agricultural interests, thus depredation is not a common occurrence (Korschgen, 1957) .
Some coyotes live in social groups, while others may remain solitary. Solitary coyotes will change their territory frequently and cover large areas in a short period of time. Social group, or pack, formation likely evolved as an adaptation to allow for more efficient prey capture (Messier and Barrette, 1981) . Usually packs are centered on a breeding pair that may include some nonbreeding offspring that may assist in pup rearing and defending food supplies. The breeding pair forms a monogamous pair bond and will mate annually between January and April. Females have a nine-week gestation period and produce litters with an average of 6 pups. Pups will remain in the den-typically a hole dug in the ground-for at least 3 months, and may disperse when they're between 6 and 9 months of age. Pups may remain solitary until they locate a mate or an unoccupied territory. Social structure is variable and difficult to predict, and is likely related to prey size, distribution, and availability (Bekoff and Wells, 1980 (Korschgen, 1957) . It is well documented that they will inhabit forested areas, or in some cases in habitat clear-cuts--defined as timber harvest within 10 years (Crimmins et al., 2012) . Ordeñana (2010) reported an increase in occurrence of coyotes in areas with reduced proximity to and increased intensity of urbanization.
Coyotes are more active during crepuscular and nocturnal periods, and individuals inhabiting areas of high human disturbance may compensate for reduced diurnal activity with more nocturnal activity (McClennen et al., 2001 ).
Today, coyotes occur in the majority of the continental United States, Alaska, Canada, Mexico, and Central America. Due to their large range, their conservation status is a species of least concern (Gese, 2008) . Although there have been extensive studies on reptiles, amphibians, and other mammal species, there are few studies on mammalian mesopredators at active or reclaimed mine sites (Buehler and Percy, 2012) . While information on their diet, distribution, habitat selection, and activity patterns are well documented, these behaviors have not been assessed in eastern Ohio. Due to their large geographic range, bobcats have become a well-studied species.
Although there are numerous published accounts of bobcat spatial distribution, habitat selection and diet (Boyle and Fendley, 1987; Chamberlain et al. 2003; Larivière and Watson, 1997; Litvaitis et al. 1986; Nielsen and Woolf, 2001; Prange and Rose, 2015) , The objectives of this study were to estimate and quantify the significance of ecological factors on the distribution and habitat use of the current bobcat and coyote populations on the reclaimed mine lands of the Wilds' property. Ecological factors that were analyzed during this study included the habitat selection and use across the diel period and seasons; the correlation of bobcat and coyote presence to an increasing distance from roads or edge habitats and mined or unmined habitats; and the association of bobcats and coyotes' presence with each other, within their habitats, prey species, with snow cover, and with baited traps.
Methods

Study Area
This study area comprised a total of 9,154 acres of the Wilds, a private non-profit conservation center located on reclaimed mine lands in Muskingum County, Ohio. Average annual precipitation totaled 961 millimeters (mm). Average temperatures ranged from 5.2º C in winter, 19.4º C in spring, to 27.1º C in summer (U.S. Climate Data, 2015) . The average elevation of the total area of Wilds property is 314.6 meters (m). The primary land use at the Wilds consisted of deciduous forest (47.14%), grassland/herbaceous cover (39.61%), open water in the form of lakes and ponds (4.70%), and pasture/hay managed land (3.99%), as described by the National Land Cover
Database Legend Land Cover Class Descriptions (Homer et al., 2015) .
Data Collection
Camera trapping locations were selected by dividing the total area of Wilds property into ten equal sections by area using Google™ Earth (see Table 1 and Fig. 1 ). Each of the ten sections of property were then separated into 100 square meter (m 2 ) cells and one set of GPS coordinates was randomly selected per section of property with replacement using Program R (R Core Team, 2013). One of the camera traps was positioned and actively recording data before this project began and those GPS coordinates were utilized as the camera trap position in that area of the property. This camera was also baited with a road kill white-tailed deer before the project began.
The camera was continually re-baited from February 2015 to April 2015 in order to determine the effects of bait to bobcat and coyote presence or absence at our camera trap locations. One camera was attached to a tree trunk or thick fence post at each set of GPS coordinate sites. Camera placement was chosen based on the type of habitat, such as evergreen or deciduous forest; habitat features, such as hollow logs or rocky outcroppings; and whether the area was an edge or interior habitat (Boyle and Fendley, 1987) . Once the camera was placed on a tree, the location was marked on the GPS unit and the GPS coordinates were recorded.
Camera surveys were completed weekly from February 2015 through July 2015. Cameras remained active for 24 hours a day and photographs were collected once per week, except in extreme weather conditions. In extreme weather conditions, photos were collected during the following week. Bushnell © Trophy Cams were used, which are digital camera traps that were triggered to take high resolution pictures whenever an animal broke a highly sensitive Passive Infra-Red (PIR) motion sensor. All camera traps were set to capture 2 photographs per trigger at a 1 minute interval until it responds to any additional triggers from the infra-red motion sensor.
Each photograph was set to have a resolution of 6 megapixels to ensure the best quality photos available. The sensor level was set to "Auto" which allows the camera to determine the best setting based on its current operating temperature. The time stamp was activated in all of the camera traps in order to have all photographs imprinted with the date and time of capture (Bushnell © Outdoor
Products, 2014). Cameras were mounted approximately 25-50 cm above the ground, ensuring that an animal as small as a bobcat or raccoon, as well as white-tailed deer would trigger the motion sensor. When necessary, understory growth was cleared in order to minimize false triggering and to allow the production of unobstructed photographs. A circular 3150.4 m buffer based on the average home range for a bobcat, was created surrounding each of the 10 camera trap sites (Nielsen and Woolf, 2001) . Similarly, a circular buffer of 4,153.3 m, the average home range for a coyote, was created surrounding each camera trap site (Crimmins et al., 2012) . For each buffer, the percent land cover was extracted from the 2011 National Land Cover Dataset (NLCD). The distance of each camera trap location was calculated to the nearest maintained road and to the hydraulic fracturing site being developed to the southwest of the Wilds property with the line measurement tool in Google™ Earth. A BrayCurtis dissimilarity index was used to develop a non-metric multidimensional scaling (NMDS) model for analyzing the bobcat and coyote data. NMDS was utilized to examine the associations between the presence of bobcats and coyotes and the type of habitat and the biological communities at the camera trap locations.
Results
From February 2015 to July 2015, a total of 1,391 nights was recorded but of these the cameras malfunctioned 44 times. After subtracting those days when cameras malfunctioned, the total number of trap nights was 1,314 (Table 2) . Of the 2,732 trap events, the two prevalent species observed were the white-tailed deer (Odocoileus virginianus) and turkey vulture (Cathartes aura).
The other common species in order of occurrence included the eastern gray squirrel (Sciurus carolinensis), raccoon (Procyon lotor), and eastern cottontail (Sylvilagus floridanus) (Fig. 6 ).
Bobcats were photographed at 7 out of the 10 camera traps, which accounted for 0.86% of the total species occurrences. Photographs of bobcat and coyote trap events can be viewed in Fig. 2 ,3,4, and 5. Coyotes accounted for 2.95% of the captured photographs, which was a total of 79 trap events, and occurred at 8 of the 10 camera traps (Table 2 and Fig. 6 ).
. Figure 6 . Number of individual trap events of species with a percent occurrence greater than 2%.
The calculations of the Pearson's chi-squared tests revealed that bobcats were captured on cameras significantly more often during a variety of conditions including on an unmined site, if the trap was baited, and if the ground was snow covered. Bobcats were captured on cameras more often at night and during the winter than during other seasons of the year (Table 3) . There was not a significant relationship between the bobcats captured on cameras located at an edge habitat or an interior habitat.
Based on a Non-Metric Multidimensional Scaling (NMDS), bobcat occurrences were more closely associated with the biological communities of white-tailed deer (Odocoileus virginianus), wild turkey (Meleagris gallopavo), and eastern cottontail (Sylvilagus floridanus) (Fig. 7) . The occurrence of bobcats was more often associated with open water, developed open space, grassland/herbaceous, and shrub/scrub habitats on the Wilds property. Bobcats were captured more often on cameras located at sites 3 and 10, whereas bobcats were not observed at sites 1, 9, and 5 (Fig. 8) .
In contrast to bobcats, the results of the Pearson's chi-squared tests showed that coyotes were captured on cameras significantly more often in edge habitat and when there was no snow cover (Table 4) . There was also a significant relationship between the occurrence of coyotes and habitat types (Table 5) . Coyotes were more prevalent with increasing concentrations of deciduous forest and pasture/hay habitat types (Table 6 ). According to a Non-Metric Multidimensional Scaling (NMDS), within the biological communities at the Wilds, coyotes were more often associated with sites where turkey vultures, Virginia opossum (Didelphis virginiana), and the American crow (Corvus branchyrhynchos) were also captured on cameras (Fig. 9 ). Coyotes were not closely associated with any particular habitat type (Fig. 10) .
Discussion
Bobcats were photographed at 7 out of the 10 camera traps, which accounted for 0.86% of the total species occurrences. Coyotes accounted for 2.95% of the captured photographs, which was a total of 79 trap events, and were found at 8 of the 10 camera traps. Bobcats and coyotes were observed during every month of the study from January to June. Both solitary and paired coyotes were photographed. These data suggest that the resident coyote population was widely distributed throughout the study area. Individual and pairs of coyotes were captured on cameras every month in all regions of the study area, whereas bobcats were only observed as single individuals suggesting that bobcats are typically solitary hunters (Rockhill et al., 2013; Larrucea et al., 2007; Larivière and Watson, 1997) . The data collected in this study also confirmed that the reclaimed mine lands at the Wilds supported a diverse biological community, with at least 18 mammalian species and 23 avian species captured by the camera traps. White-tailed deer was the most frequently photographed species, which is encouraging because this is the primary prey species for the coyote (Korschgen, 1957; Patterson et al., 1998; Crimmins, 2012) , as well as a prey species of the bobcat (Prange and Rose, 2015) . Turkey vulture, eastern gray squirrel and raccoon were among the species with highest frequency of occurrence of being captured on the camera traps.
Other predatory mammalian species captured on the camera traps included long-tailed weasel There was not a seasonal variation in the number of coyotes captured on cameras (winter, spring, or summer), or when the camera traps were baited with deer carcasses or between mine and nonmined lands. However, bobcats captured on camera increased and occurred more significantly (Pearson's chi-squared test, p-value= 0.008815) when the camera trap was baited.
However, only one camera was baited on two separate occasions during the winter. For future studies, it would be advisable to bait more if not all the sites to increase the capture of both coyotes and bobcats at the camera traps. An additional trapping period in the fall season may also reveal a seasonal effect on coyote and bobcat camera trapping success, since more coyotes were captured on cameras when there was not snow on the ground. The three camera traps that were placed along forest edge captured significantly (p-value=6.004x10 -6 ) more coyotes than the cameras in interior forest habitat. Korschgen (1957) believed that coyotes were found more often in prairie or brush land edge bordering timber rather than forest interior. However, one of the camera traps in the present study located in edge habitat was baited which may have influenced the results. Forest edge allows for easy and efficient movement, which is key for a species like the coyote which maintains a territory, and may be the reason that coyotes were photographed more often at the edge site cameras. Forest edges constitute areas of deciduous, evergreen, or mixed forests (that borders another habitat types.) This may also suggest that coyotes prefer these disturbed habitats rather than undisturbed habitats.
In contrast to coyotes, bobcats were captured on cameras significantly more often (p-value= 0.000782) during the winter when snow cover was present at the camera location. The availability of bobcat prey may decrease during the winter season, requiring bobcats to increase their movements to secure prey within their defined home range boundaries (Chamberlain et al., 2003) .
Bobcats likely will hunt within the confines of their home range due to the limited mobility in deep snow, which may explain why significantly more bobcats were captured more often in the winter snow cover (Litvaitis et al., 1986) . Bobcat photographs increased significantly (p-value=0.01196) during the nocturnal period which reflects the more nocturnal nature of the bobcat (Rockhill et al., 2013; Larrucea et al., 2007; Larivière and Watson, 1997) . The seven unmined camera trap locations captured significantly more bobcat photographs (p-value=0.01622) than those on the three mined locations. Over 50 percent of the Wilds property was surface mined for coal, so it is possible that bobcats prefer the less disturbed areas of the property. The locations of camera traps at the forest edge or the forest interior did not show a significant difference on the capture rate of bobcats.
At the Wilds, coyotes were often captured in association with turkey vultures, Virginia opossums, and the American crow, which are considered to be scavenging species. These species did not associate as closely with bobcats, the other major mesopredator found on property, or with two of their main prey items, the white-tailed deer and the eastern cottontail rabbit. It is well documented that coyotes are omnivorous and opportunistic feeders. It is possible that in the past, the importance of scavenging has been underestimated in the feeding habits of coyotes (Patterson et al., 1998) . Further study of their diet using techniques such as fecal analysis may lead to more conclusive evidence about their diet and feeding behaviors at the Wilds.
Based on the species captured on cameras located in different habitats at the Wilds, bobcats were associated with the white-tailed deer, wild turkey, and the eastern cottontail. All of which are the major prey species of the bobcats in Ohio (Prange and Rose, 2015) .
A comparison of habitat variables suggested that coyotes did not exhibit a habitat preference.
The results of the NMDS biplot indicated that coyotes were not closely associated with any particular habitat type at the Wilds, although results of the Wilcoxon ranks sums test indicated a significant relationship between the occurrence of coyotes and increasing pasture/hay lands and deciduous forest habitats. Pasture/hay lands are highly disturbed habitats, enabling efficient travel and capture of prey due to the lack of cover. Deciduous forests are one of the most pristine, undeveloped habitat types on the property. The results of this study indicate that a highly adaptive species, such as the coyote can inhabit most reclaimed habitats in regions with a viable food source.
The analysis of bobcat photographs revealed that their presence was closely associated with open water, developed open space, shrub/scrub, and grassland/herbaceous habitats. Previous research has determined that bobcats prefer dense understory cover or mixed forest cover in order to facilitate their stalk and ambush style of predation (Neale and Sacks, 2001; Litvaitis et al., 1986; Chamberlain et al., 2003; Major and Sherburne, 1987) , but these studies do not explain the presence of bobcats in the open or sparse understory habitats that exist at the Wilds. The explanation of the significance of cover and habitat selection by bobcats most likely is the relation to the availability of prey. Bobcat prey is usually not abundant within forested cover types (Boyle and Fendley, 1987) . Therefore, the habitat preferences of the bobcat population at the Wilds is because those are the preferred habitat types of both the eastern cottontail and white-tailed deer.
In summary, both coyotes and bobcats inhabited a range of habitat types on reclaimed surface mined lands, and both species were able to adapt to a variety of environmental conditions that existed at the Wilds. The results of this study indicated the potential importance of scavenging in the feeding habits of coyotes. The results of this study suggest that bobcats preferred habitats that were inhabited by their major prey species, especially the white-tailed deer and the eastern cottontail. Although extensive surface mining occurred at the Wilds, these two mesopredators were able to re-populate the area following mining.
